To find fractions from Spatholobi caulis with cytotoxic effects on cancer cell lines, screening tests were carried out using the SRB assay on the HL60 cell line. Further investigation with HL60 and another four human cancer cell lines (KB, K562, MCF-7 and Hep G2), revealed a dose-dependent response. High-performance liquid chromatography coupled with electrospray ionization-tandem mass spectrometry (HPLC-ESI-MS n ) was used to isolate and identify the active constituents from the active fraction. Three fractions (F-IV, F-V and F-VII) showed in vitro cytotoxicity. F-V inhibited the growth of cancer cells in a dosedependent manner. The IC 50 values for KB, K562 and HL60 cells were 17.6, 8.3 and 9.7 µg/mL, respectively. The dominating constituents of F-V were either identified or tentatively characterized as nine phenolic compounds, eight isoflavones and 9-methoxycoumestrol. The isoflavones 7-hydroxy-3',4'-dimethoxy isoflavone, 7-hydroxy-6,2',4'-trimethoxy isoflavone and 3'-hydroxy-7,4'-dimethoxy isoflavone are reported for the first time for Spatholobi caulis. The results suggest that these compounds contribute to the cytotoxic effect of Spatholobi caulis.
Spatholobus suberectus Dunn (Fabaceae), a woody vine, is widely distributed in the south of China. Spatholobi caulis is the dried old stem of S. suberectus, which is called "Jixueteng" in traditional Chinese herbal medicine and has been used to treat rheumatism, anemia, menoxenia and other disorders for hundreds of years [1] . In recent studies, Spatholobi caulis showed anti-tumor [2a-2d] , anti-virus [2e,2f], antiinflammatory [3a] , anti-oxidation [3b], tyrosinase regulating [3c], hepatoprotective and immunopotentiation [4a-4c,5] properties. The reported chemical components of Spatholobi caulis include flavones, phenols, anthraquinones, terpenoids and steroids [4a-4c] . However, there are few studies in which bioactivity and the chemical structure of the pharmacologically active substance have been studied in tandem. Many in vitro human cancer cell models, such as K562 [6] and KB [7] have been used to screen herbal extracts for anti-cancer activity. This study investigated the cytotoxic effect on KB, K562, HL60, MCF-7 and Hep G2 cell lines, and characterized the structures of active components from Spatholobi caulis by HPLC-ESI-MS n .
Eight fractions of an extract of Spatholobi caulis prepared by semi-preparative chromatography were assessed using SRB assay on the HL60 cell line. The results, exhibited as inhibition rates, are shown in Figure 1 . The inhibition rates of F-Ⅳ, F-Ⅴand F-Ⅷ were around 80%, which were close to that of the positive drug, vincristine sulfate (VCR). So the three fractions were deemed worthy of further investigation and, for this current work we selected fraction F-V to evaluate its cytotoxic effect in a dose dependent manner.
KB, K562, HL60, MCF-7, and Hep G2 human cancer cell lines were used in a further study. The results are exhibited in Figure 2 . F-V had a cytotoxic effect on the five selected cancer cell lines, with dose dependent inhibition rates in the range 0.4~50 µg/mL. The IC 50 values for KB, K562 and HL60 cells, calculated from the dose-inhibition rate curves, were 17.6, 8.3 and 9.7 µg/mL, respectively. Thus, F-V was a promising candidate for further investigation.
Identification of the active constituents of F-V was performed using a HPLC-ESI-MS n method, a procedure with the virtue of speed and requiring only a trace of sample [8, 9] . Using an HPLC capillary column, thirteen peaks were detected, nine of which were either characterized or tentatively identified by ESI-MS n . By comparison of the data with those of standards [9] , the compounds producing peaks 1, 6 and 9 were easily identified as genistein, formononetin and biochanin A, successively.
Peak 4 was tentatively identified as afrormosin, which has been reported earlier from the same plant [4b], on the basis of its [M+H] + ion at m/z 315 and the MS 2 ion at m/z 167.. The [M+H] + ion of peak 3 was at m/z 329, 14 larger than that of peak 4. If the hydroxyl group at C-2' of afrormosin were replaced with a methoxyl group, the molecular weight would be consistent with that of peak 3. MS 2 ions at m/z 167 and 192 were observed as RDA fragmentations from rings B and A, respectively Thus, the compound producing peak 3 was tentatively identified as 7-hydroxy-6,2′,4′trimethoxy isoflavone.
Peak 8 presented MS characteristics in accord with those of calycosin, which was reported by Cui for Spatholobi caulis [7] . As a result, peak 8 was tentatively identified as calycosin. If the hydroxyl group at C-3' of calycosin were replaced with a methoxyl group, the [M+H] + ion of the compound would appear at m/z 299, which is consistent with the value obtained for peak 2. This, along with the ions at m/z 137 and 163, which were RDA fragments of rings A and B, respectively, suggest that the peak 2 compound was 7-hydroxy-3',4'-dimethoxy isoflavone.
Peak 7 also presented a [M+H] + ion at m/z 299. An RDA fragmentation peak from ring B was observed at m/z 123 and thus peak 7 was plausibly characterized as 3′-hydroxy-7,4′-dimethoxy isoflavone, another derivative of calycosin.
When subjected to a relative collision energy of 40%, peak 5 produced a [M+H] + ion at m/z 283, which is in accord with that of 9-methoxy-coumestrol [4a] .
We screened eight fractions isolated from Spatholibi caulis against HL60 cells using the in vitro MTT assay. Three fractions (F-IV, F-V and F-VII) were found with cytotoxicity. The inhibition rates were all around 80% at a dose of 50 μg/mL. The dose-dependent response of F-V was validated by determining the inhibition rates to HL60, KB, K562, MCF-7 and Hep G2 cells. When the dose exceeded 10 μg/mL, fraction F-V inhibited the growth of all cancer cell lines tested. cells were cultured in RPMI-1640 containing sodium bicarbonate at a concentration of 2 g/L, supplemented with 10% fetal bovine serum(FBS). 100 U/mL penicillin and 0.1 ng/mL streptomycin were added to all the media. The cells were incubated at 37°C in a humidified atmosphere of 95% air and 5% CO 2 and passaged three times a week.
Experimental

Cytotoxicity assay:
The cytotoxicity of fractions F-I~F-VIII from Spatholobi caulis against HL60 cells was determined by the sulforhodamine B (SRB) assay [10] . VCR was used as positive control. In brief, cells were seeded in 96-well plates at a density of 2 × 10 4 cells per well. Different fractions and VCR were added 24 h later and the final concentration was 50 μg/mL. After incubating for 48 h, cells were fixed with cold 40%trichloroacetic acid for 30 min, washed 5 times with water and stained with 0.4% SRB. After 20 min, unbound SRB was removed by washing 5 times with 1% (v/v) acetic acid. Bound SRB was solubilized with 10 mM Tris and the optical density was measured at 490 nm using an ELx800 UV universal microplate reader.
To examine the dose-dependent manner of F-V, the K562, HL60, KB, MCF-7 and Hep G2 cells were all incubated in a medium containing F-V with 5 concentration gradients of 0.08, 0.4, 2, 10 and 50 μg/mL, respectively. The viability of MCF-7, KB, and Hep G2 cells were analyzed by the MTT assay. In this, cells were seeded at a density of 2 × 10 3 cells per well in 96-well plates and incubated for 24 h before test. VCR and doxorubicin hydrochloride were used as positive controls [11] . After 48 h incubation, the supernatant was removed and 100 μL MTT solution (0.5 mg/mL in complete medium) was added to each well and incubated at 37°C for 4 h. After removing the medium, the formazan was dissolved in DMSO and the optical density was measured at 550 nm using an ELx800 UV universal microplate reader (Bio-Tek, USA). The assay used for testing the viability of K562 cells was the same as that used for HL60 cells. 
HPLC-ESI-MS n analysis:
For the HPLC-ESI-MS n analysis, a Finnigan LCQ Deca XP plus ion trap mass spectrometer (Thermo Finnigan, San Jose, CA, USA) was connected to an Agilent 1100 series HPLC instrument. The LC effluent was introduced into the ESI source in a post-column splitting ratio of 2:1. High purity nitrogen (N 2 ) was used as the nebulizing gas, and ultra high-purity helium (He) was used as the damping and collision gas. All the mass spectra were obtained in the positive ion mode with ion spray voltage, 4.5kV; sheath gas (N 2 ), 60 arbitrary units; auxiliary gas (N 2 ), 20 arbitrary units; capillary temperature, 350ºC; capillary voltage, 19V; tube lens offset voltage, 25V; mass range recorded, m/z 80-500. Data-dependent scans were performed so that the most abundant ion in each MS scan was selected in turn and subjected to obtain the MS 2 and MS 3 spectra of all the components in the extract. The isolation width of precursor ions was 3.0 units and the collision energy for MS n was adjusted to 40-45% of maximum.
